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Over the past four years, I have been experimenting with
the integration of research with teaching and learning with
the goal of investigating the extent to which one faculty
member can create authentic research experiences for
large numbers of students (both undergraduate and earlier)
that motivate them to continue with their study of STEM
subjects and to seek out further research opportunities.
The activity is designed to provide elements of an authentic
research experience, including the opportunity (a) to be-
come familiar with the relevant big picture, detailed back-
ground, and previous work done, (b) to conduct a series
of experiments in which the designs of the later ones can
be based on the outcomes of earlier ones, (c) to draw
conclusions, summarize the findings, make suggestions
for further work and (d) create a written document contain-
ing the material of interest to the broader community.Other
features of an authentic research program included are:
(a) inexperienced workers work alongside the more know-
ledgeable workers, from whom they can obtain guidance
and information as needed; (b) participants are part of an
active community of scholars who meet to discuss their
findings and to examine critically new knowledge in the
field; and (c) participants take some responsibility for the
design and implementation of the experiments.
Topic and program There are two issues to consider:
the research topic and the program structure. Environmen-
tal issues catch students’ attention as there is often a
personal health connection. I have found that issues sur-
rounding the environmental and analytical chemistry of
arsenic compounds have been very suitable as the basis
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Julian Tyson’s arsenic project is an outstanding example of integrating research into multiple levels of teaching.
How is it possible to contribute meaningfully
to the teaching, research and outreach missions
of the institution and still have time to eat
and sleep?  My perspective on this conundrum
is to find ways to integrate research with
teaching and learning...this may not be
possible for every faculty member, but one goal
for the project is to show it can be done.
Introduction  UMass’ mission is to provide an affordable and accessible education of high quality and to conduct
programs of research and public service that advance knowledge and improve the lives of the people of the Common-
wealth, the nation, and the world.  I think that every tenure-system faculty member of such an institution should strive
(a) to contribute to both the undergraduate and graduate teaching mission, (b) to publish the results of a relevant
research program, and (c) to reach out to students at early stages and encourage them to continue their education to
the bachelor’s level, doctoral level and beyond. I view this latter activity as crucial for faculty in the STEM disciplines,
given that the US is facing a gathering storm in terms of (a) the country’s position as a world leader in science and
technology, and (b) the economic benefits that accrue from such a leadership position. For the conscientious faculty
member, there are clearly time constraint issues. How is it possible to contribute meaningfully to the teaching, research
and outreach missions of the institution and still have time to eat and sleep?  My perspective on this conundrum is to
find ways to integrate research with teaching and learning. I recognize that this may not be possible for every faculty
member, but one goal for this aspect of the arsenic project is to show that it can be done.
for the student’s investigations. The bio-geochemical
cycling of arsenic is one of my own research interests
and so the students’ participation is described as joining
my research group. This means that I assign the topics
on which each group works.
Participants sign up for a one-credit semester-long honors
colloquium in which 2 - 4 first-year undergraduates work
with 1 - 2 juniors and a graduate student mentor. Over 300
undergraduates have participated to date; about 75% are
first year students. Themes include the leaching from
pressure-treated wood and movement in the soil, the up-
take by plants and insects, the removal from contaminated
drinking water and reliable determinations at single digit
microgram per liter concentrations with low-cost, portable
measurement technology.
Impact Students who participated in 2005-6 filled out a
questionnaire at the end of the semester. They were very
satisfied with the experience. Here are typical comments:
This project was extremely informative and interesting
and I would recommend it to anyone, especially first-year
students looking for a place to start getting research
experience.
I really enjoyed working as part of a group on the arsenic
project.  It was very interesting to me, and I learned a lot
about the hard work that doing research requires. Over-
all, it was a positive experience, and I would enjoy doing
more research in the future.
I really feel that this project has made me more confident
in seeking out other laboratory activities and research in
the future. I feel I have benefited tremendously by having
my first lab experience in an environment with friends and
others who were in the same position, as well as the ideal
balance between close supervision and freedom to per-
form the lab work. I hope other students will have the op-
portunity in the future to benefit as I have from this project.
I have not followed what has happened to the participants
in terms of seeking out other research experiences or
staying in sciences. I am certainly writing more letters of
continued next page10
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recommendation for students seeking admission to summer research (REU) programs. The number of undergraduates
undertaking individual independent studies in my own research group has increased significantly from one to two a
semester to five to seven.  Many of these have gone onto graduate school.
Other facets of the program  As well as the semester-long undergraduate research projects, I have also been
able to create summer REU-type experiences for underrepresented minorities from other institutions.  So far, nine
undergraduates and two high school students have participated.  In the summer of 2008, a middle school teacher
participated in a research experience that will result in further work by her students. This is, in some ways, where the
program started, as the first arsenic project activities, other than research by my graduate students, were done by
middle school teachers and students participating in the NSF-funded Graduate Students in K-12 Education (GK-12)
program that was known locally as STEM Connections (2002-05).  With the help of a no-cost extension and funds from
another NSF grant and UMass, the arsenic projects continued for another year with two teachers. The arsenic topics
have also been incorporated into the STEM RAYS after school science clubs and summer academies. The responses
from the juniors are much the same as those from the first-year students, and those from the graduate students show
benefits in terms of their professional development as teachers, mentors and researchers.
Funding sources   Funding from the following grants is gratefully acknowledged: NSF CHE-0316181 Integrating
Research and Education: tracking arsenic from pressure-treated wood July 2003 – June 2007, UMass Center for
Teaching: Faculty Grant for Teaching. Sept 2005, Camille and Henry Dreyfus Foundation: Special Grant Program in the
Chemical Sciences. Feb 2006 – Aug 2008, and NSF CHE-072527 Discovery Corps Fellowship: Integrating the bio into
the environmental biogeochemistry of the arsenic project started August 2007.
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SPRING 2009
- DESIGNED FOR SCIENCE TEACHERS;
NEW  TEACHERS ARE ESPECIALLY WELCOME
- FIVE SATURDAYS/TERM; 8:30-1, UMASS AMHERST
- EDUCATIONAL MATERIALS, REFRESHMENTS, PARKING,
PDP’S INCLUDED
- ADVANCE REGISTRATION IS REQUIRED; CAPACITY LIMITED
- COST $30 PER SESSION, $120 FOR ALL FIVE SESSIONS
- 4 PDP’S PER HALF DAY SESSION; OPTION FOR 3 GRAD
CREDITS AT REDUCED COST WITH EXTRA WORK
February 7  THE BIOLOGY OF THE POLES
MARIE SILVER, STEM EDUCATION INSTITUTE. As part
of UMass’ participation in the International Polar Year
research effort, curriculum has been developed for the
K-12 teacher. Participants will learn about the unique
life forms found in the Arctic and Antarctica. Hands on
activities will include animal and plant adaptations to
cold climates, plant succession following glacier
recession and phenology (recording plant life cycles
and correlating it to environmental change).
February 28  NANOTECHNOLOGY MARK
TUOMINEN, PHYSICS DEPARTMENT AND CENTER FOR
HIERARCHICAL MANUFACTURING. Another in a series on
nanotechnology; previous attendance is not required.
The atomic force microscope (AFM) allows research-
ers to map surfaces at the atomic level; a multimedia
module shows how this is done, and a hands-on
activity models the AFM. Nanomedicine is explored
via a diffusion experiment and a presentation.
March 7  USING BIRDS TO TEACH BIOLOGY
BRUCE BYERS, BIOLOGY. Observations of organisms in
their natural environments can spark a lifelong interest
in biology. Charismatic organisms are especially well
suited to this role. For example, birds are conspicuous
inhabitants of urban, suburban, and rural environments,
and are intrinsically appealing to almost everyone. They
are easily observed at feeders and elsewhere, and
engage in a variety of fascinating behaviors. We will
share ideas for inquiry-based activities and exercises
centered on observations of birds that address key
elements of the Massachusetts Curriculum Frame-
works for science, especially Frameworks related to
ecology and evolutionary biology.
March 28  WHERE ON EARTH ARE YOU?
ROB SNYDER, STEM EDUCATION INSTITUTE.
Explore the wide range of applications of Global
Positioning Systems (GPS) that include indicating your
elevation, latitude and longitude on Earth’s surface,
guiding you to a specific set of coordinates, collecting
data that can be used to map important features such
as a water shed or a wetland area, or calculating a
value for Earth’s circumference.
April 4  TRAFFIC ENGINEERING AND THE
EVERYDAY WORLD  MIKE KNODLER, CIVIL AND
ENVIRONMENTAL ENGINEERING. This workshop intro-
duces students to basic traffic engineering principles;
emphasis on the safe and efficient operation of inter-
sections. More importantly the sociological impacts of
transportation on everyday life will be explored in detail.
Over 40,000 people are killed each year on U.S. roads,
many at intersections. Further, increasing traffic
volumes has led to congestion requiring improved
vehicle movement efficiency at intersections. Topics
are: vehicle, operator, and roadway characteristics;
traffic control; roadway capacity; geometric design
objectives and plan formulation; demand forecasting;
and economic, social, and environmental evaluation.
The workshop features several hands-on activities
that can be adapted for all grade levels.
May 2  WEATHER CANCELLATION MAKEUP
May 9   RECALL FOR THOSE REGISTERED
FOR GRADUATE CREDIT
GRADUATE CREDIT OPTION  There is a
charge of $300 for 3 Continuing Education credits,
and a $45 registration fee in addition to the $120
STEM Education Institute fee. Teachers may obtain
credit for the seminar as many terms as they wish,
but only 3 credits may be applied to UMass Amherst
degrees. A lesson plan and a book report will be
required for those enrolled for graduate credit.
Register with Continuing Education or the UMass
Graduate School. QUESTIONS: Mort Sternheim,
mort@umassk12.net, 413-545-1908,
www.umassk12.net/sess  Online seminar registration
and payment: www.umassk12.net/sess/register.html.
Required for everyone whether or not they are
registering for graduate credit.
VIRUS STRUCTURE, VIRUS EVOLUTION
AND THE DARWIN BICENTENNIAL
A hands on computer workshop;
PDPs, parking, and snacks provided
JONATHAN KING, PROFESSOR OF MOLECULAR
BIOLOGY, MIT
Free but space is limited;
advanced registration is required. Go to:
www.umassk12.net/sess/darwin.html
FALL STEM TALKS
REFRESHMENTS AT 3:45
PRESENTATIONS AT 4:00
PLEASE PARK IN THE GARAGE.
November 4   USING PALEOMAGNETISM
TO TELL THE AGE OF DEEP-SEA
SEDIMENTS: LESSONS FROM THE
SCHOOL OF ROCK
MARK LECKIE, DEPT. OF GEOSCIENCES,
UNIVERSITY OF MASSACHUSETTS AMHERST
November 18   USE YOUR HANDS!
GEOLOGIC CLASSROOM AND FIELD
ACTIVITIES WITH DEAF HIGH SCHOOL
STUDENTS
MICHELE COOKE, DEPT. OF GEOSCIENCES,
UNIVERSITY OF MASSACHUSETTS AMHERST
December 2 AN EINSTEIN FELLOW’S
MIRACULOUS YEAR
KATHLEEN GORSKI,
WILBRAHAM & MONSON ACADEMY
FALL 2008
SPECIAL HALF DAY PROGRAM COSPONSORED
BY THE STEM ED INSTITUTE
NOVEMBER 22  9:30 AM - 1 PM
UNIVERSITY OF MASSACHUSETTS AMHERST
